Railway ballasted track, traditional railway track, consists of steel rails, sleepers, fastener system, ballast, sub-ballast and subgrade. Railway ballasted track has been widely used in railway system around the world. Ballast, which supports the sleepers uniformly, is highly experienced deterioration. The functions of ballast are to transmit the load from sleeper to sub-ballast and sub-grade, provide stability and adequate permeability for drainage of the railway track. By nature, one of the most track deterioration is located on ballast, which has highly nonlinearities [1]. The ballast deterioration can produce high settlement and lead to track deterioration. Based on the fact that the impact of climate change affect and produce huge losses in railway system, the effect of environmental are needed to consider. In fact, flooding can cause train disruption and destabilize the track. Based on the open literature, the behaviour of ballast under water has not been studied. In this study, the dynamic properties of railway ballast, such as frequency, damping, stiffness, are studied with the consideration of effect of water.
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This study provides an easy tool and non-destructive method for evaluating the dynamic characteristics of railway ballast. It should be noted that this method has been used and developed for evaluating the characteristics of rail pad [2] . The approach enables testing of railway ballast with the influence of water in the dynamic characteristics. To measure the dynamic characteristics of railway ballast, the accelerometer is attached on the concrete cube located on top of railway ballast. The concrete cube is considered as a mass in the single degree of freedom system, as shown in Figure  1 . The vibration characteristics of ballast are considered using Prosig P8004 noise and vibration measurement systems (Figure 2 ). The ballast in flooding condition is compared to dry ballast. Spring and dashpot are represented by ballast for dynamic stiffness and damping, respectively. The height of ballast is 30 cm. The concrete cube is impacted vertically with the impact hammer in order to obtain the free vibration curve for damping calculation. (1) where m, cp and kp represent the effective mass, damping, stiffness of ballast layer, respectively. In this study, the dynamic properties of various levels of water are compared. The results show that the water can affect the dynamic characteristics of ballast. Moreover, the frequency response function (FRF) curves of ballast in dry and flooding conditions are shown in Figure 3 . The results of modal dynamic parameters can be obtained using curve fitting methods of SDOF vibration theory as demonstrated in Table 1 . The FRF curves obtained by both analytical and experimental show a very well agreement. It is clearly seen from the results that the ballast properties will be changed when the ballast is under water. The modal testing has proven to be an effective method for estimation of the dynamic stiffness and damping constant of the track component. The results obtained can be used for further numerical modelling for whole railway track during operation to study the effect of flooding on railway ballast which can affect the overall railway track behaviour. The understanding from this paper will also help improve the practical maintenance issues and enable predictive track maintenance regime in railway industry.
